We describe the experimental measurement of phase-conjugate reflectivity versus various ratios of input-beam intensities in photorefractive barium titanate and strontium barium niobate crystals. The experimental results are compared with the theoretical prediction from the coupled-wave theory. Three different methods to measure the nonlinear coupling constant of the crystal are also presented and compared.
Many novel optical devices have been made possible by photorefractive nonlinearities in highly electro-optic crystals, such as barium titanate and strontium barium niobate. These include passive (self-pumped) phase conjugators,1-3 ring resonators, 4 interferometers, 5 and optical bistable devices. 6 The design and interpretation of these devices have been facilitated by solutions of the nonlinear coupled-wave equations of the photorefractive effect. Solutions of the two-beam-coupling equations have been known and experimentally studied for some time now. 7 -9 However, the four-beam equations of phase conjugation have been solved only recently,10l 2 and there is little experimental evidence' 3 to verify this theory apart from qualitative agreement with observed device behavior.
Here we present some experimental studies of fourwave mixing in both photorefractive barium titanate (BaTiO 3 ) and strontium barium niobate [Sro. 6 BaO. 4 Nb 2 O 6 , (SBN)] crystals. The experimental arrangement is shown in Fig. 1 . The output of the argon-ion laser at 514 nm was expanded and spatial filtered into a -2.5-cm-diameter beam. The total beam intensity I1 + I2 + 14 was 0.3 W/cm 2 . The crystal, C, was either a4.5mmX4.5mmx 5mmBaTiO 3 ora5mmX5mm X 6 mm SBN crystal. Both crystals were electrically poled into a single domain before the experiment. Since only a small part (-5 mm X 5 mm) of the central portion of the expanded beam was used, we can approximate all the incoming beams to the crystal as plane waves. The half-wave plate and the polarizing beam splitter combination forms a lossless beam splitter with a transmission and reflection ratio that can be varied simply by rotating the half-wave plate. In order to make sure that only one grating (the transmission grating) dominated the system, the optical path lengths of beams 1 and 4 were adjusted to be the same, while the optical path difference'between beams 2 and 4 was adjusted to be much longer than the coherence length of the light source (<1 cm). The angle between beams 1 and 4 was made small (100) to increase the interaction length. The orientation of the crystals with respect to the input beams is shown in Fig. 2 , where 01 and 02 are the angles of beams 1 and 4, respectively, with respect to the normal of the crystal C. All the beams were polarized in the plane of 
,(O).
A set of theoretical curves was also plotted.12 These theoretical curves give a best fit to the experimental curves if the nonlinear coupling constant j is chosen to be -0.9.14 Similar experiments were also done on SBN, whose large electro-optic coefficient is r 3 3 . The results are shown in Fig. 4 vides the first method of determining the nonlinear coupling constant. We also measured the phase-conjugate reflectivity versus the pump ratio at very small probe ratios (i.e., an undepleted pump approximation, which is I1, I2, >> 4 
The experimental arrangement was similar to that shown in Fig. 2 , with beam 2 being blocked and detectors D 2 and D 3 repositioned to measure the transmitted beams I1(l) and 14(1) through the crystal. An experimental plot of coupling constant -jl against beam ratio I4(0)/I1(0) is shown in Fig. 7 . From the prediction of the theory of the photorefractive effect, 8 ' 9 the coupling constant should be independent of the beam ratio. The slight variation of coupling constant with input-beam ratio, which was also observed by Kuktarev et al. for SBN over the range of beam ratio from 0.02 to 20. These values are quite consistent with the values obtained by the previous two methods. In deriving the coupled-wave theory,1 0 -12 the absorption of the crystal is neglected. Besides absorption, the crystals also give rise to asymmetric scattering (fanning). 1 6 ' 17 These combining effects tend to lower the phase-conjugate reflectivity. 1 8 The theory also neglects multiple Fresnel reflections within the crystal. Therefore a certain amount of discrepancy between the theory and experiment is expected.
In conclusion, we have verified the coupled-wave theory experimentally by studying the phase-conjugate reflectivity versus various input-beam ratios. Also, we have demonstrated three different methods to determine the nonlinear coupling constant of a crystal at a given orientation.
